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ERROR ANALYSES OF TYPICAL APOLLO 

SPACECRAFT MANEUVERS USING THE 

PGNCS AND SCS TO CONTROL THE RCS 

By R.  Leroy McHenry 

SUMMARY 

Individual e r r o r  analyses data from t h r e e  i n i t i a l  platform orien- 
t a t i o n s  of a t y p i c a l  r eac t ion  cont ro l  system (RCS) maneuver cont ro l led  
by t h e  primary guidance and navigation con t ro l  system (PGNCS) a r e  
presented i n  t h i s  r epor t .  
cont ro l led  by t h e  s t a b i l i z a t i o n  and con t ro l  system (SCS) . Also included a r e  data f o r  a RCS maneuver 

Results of t h e  PGNCS controlled maneuver ind ica t e  t h a t  t h e  
prefer red  o r i en ta t ion  i s  preferred over any o ther  piatform o r i en ta t ion .  

INTRODUCTION 

A guidance and navigation e r r o r  ana lys i s  of t y p i c a l  Apollo 
command and serv ice  module (CSM) se rv ice  propulsion system (SPS) 
maneuvers has been documented ( r e f .  1). The information presented 
i n  t h i s  document represents  t he  results of simulating t h r e e  i n i t i a l  
platform o r i en ta t ions  of an RCS maneuver of t h e  same spacecraft  using 
t h e  PGNCS and an RCS maneuver using t h e  SCS. The data i n  t h i s  repor t  
i s  intended t o  supplement t h e  data and conclusions presented i n  
reference 1. 

The t a b l e s  which appear i n  t h i s  repor t  present some perturbed 
parameters which r e s u l t  from simulating t h e  RCS maneuvers with some 
of t h e  e r r o r  sources and magnitudes spec i f ied  i n  references 2 ,  3, and 
4. 

METHOD 

A s  i n  t h e  previous study for t h e  SPS, both CSM con t ro l  systems 
were simulated f o r  t h e  e r r o r  analyses of t h e  RCS maneuvers. Three 
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hor izonta l  in-plane 200-second RCS maneuvers were simulated under 
cont ro l  of t h e  PGNCS. The t h r e e  platform o r i en ta t ions  considered 
were as follows: 

( a )  inner gimbal angle ( I G A )  = O o ,  middle gimbal angle (MGA) = Oo 

outer gimbal angle (OGA) = Oo, (prefer red  o r i e n t a t i o n )  

(b )  IGA = Oo, MGA = 4 5 O ,  OGA = 0' 

( c )  I G A  = 4 5 O ,  MGA = O o ,  OGA = 0' 

To achieve t h e  des i red  i n e r t i a l  platform o r i en ta t ion  f o r  cases ( b )  and 
( c ) ,  t h e  s t ab le  member axes were ro t a t ed  from t h e  prefer red  o r i e n t a t i o n  
case ( a ) ,  through t h e  proper gimbal angles.  Error ana lys i s  da ta  f o r  
t h e  PGNCS cont ro l led  RCS maneuvers a re  presented i n  t a b l e s  I through 
111. 

To obtain t h e  data presented i n  t h i s  repor t  r e l a t e d  t o  SCS 
c a p a b i l i t i e s  and l i m i t a t i o n s ,  a 200-second RCS maneuver w a s  simulated 
under control of  t h e  SCS. Since t h e  body mounted a t t i t u d e  gy ros  
(BMAG's) a re  r i g i d l y  fixed t o  t h e  CSM body axes, only one i n e r t i a l  
o r ien ta t ion  w a s  studied. Error ana lys i s  da t a  f o r  t h e  SCS cont ro l led  
RCS maneuver are contained i n  t a b l e  I.V. 

DISCUSSION OF RESULTS 

I n  general, f o r  in-plane hor izonta l  spacecraft  maneuvers deviations 
i n  parameters such as f l igh t -pa th  angle,  a l t i t u d e ,  vehic le  p i t c h  angle ,  
inner gimbal angle, and r a d i a l  ve loc i ty  change can be associated with 
accelerometer measurement e r r o r s  along t h e  yaw and r o l l  axes and 
gyro d r i f t s  about t h e  p i t c h  axis of t h e  spacecraf t ;  whereas, deviations 
i n  other parameters such as i n c l i n a t i o n ,  r i g h t  ascension of t h e  
ascending node, vehicle yaw angle,  middle gimbal angle,  and t h e  
cross-axis ve loc i ty  t h a t  i s  normal t o  t h e  l o c a l  v e r t i c a l  plane can be 
associated with accelerometer measurement e r r o r s  along t h e  p i t c h  ax i s  
and gyro drifts about t h e  yaw axis of t h e  vehic le .  A cursory look a t  
a l l  of the da t a  presented i n  t h i s  r epor t  f o r  t h e  PGNCS-controlled 
RCS maneuvers (Tables I through 111) reveals t h a t ,  regard less  of 
platform o r i en ta t ion ,  t hese  parameters a r e  subject t o  spec i f i c  hardware 
associated e r r o r s ,  even though t h e  e f f ec t  of an ind iv idua l  e r r o r  i s  
influenced i n  some cases by a d i f f e ren t  platform o r i en ta t ion .  

The hardware associated e r r o r s  which a f f e c t  t h e  f i r s t  s e t  of 
parameters (pr imar i ly ,  in-plane) me X- and Z-accelerometer b i a ses  , 
Y-axis (p i t ch ,  i n  genera l )  s t a b l e  member misalignment, and Y-gyro 
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( p i t c h )  bias d r i f t .  
X-accelerometer bias d r i f t .  
out-of-plane) a re  primarily affected by Y-accelerometer bias, Z-axis 
(yaw) s t a b l e  member misalignment, and Z-gyro (yaw) b i a s  dr i f t ,  
S imi la r ly ,  t h e  Y-accelerometer b i a s  i s  t h e  most s ign i f i can t  hardware 
e r r o r  upon these  parameters. 

The most s ign i f i can t  of t hese  e r ro r s  i s  t h e  
The second s e t  of parameters (pr imari ly  , 

The preceding discussion more s p e c i f i c a l l y  i l l u s t r a t e s  an obser- 
va t ion  made i n  reference 2 t h a t  much s i m i l a r i t y  e x i s t s  between t h e  e r r o r  
analyses of t h e  t h r e e  spacecraft  maneuvers which d i f f e r  only by 
i n i t i a l  platform o r i en ta t ion .  
e f f e c t  of spec i f i c  e r ro r s  on t h e i r  associated parameters may depend 
upon t h e  platform or ien ta t ion .  

However, as w a s  e a r l i e r  s t a t ed ,  t h e  

For ins tance ,  i f  t h e  platform i s  or iented such t h a t  t h e  MGA i s  
45', t h e  revised e f f ec t  of t h e  Z-accelerometer b i a s  [ t a b l e  I I ( a > ]  
i s  t o  s i g n i f i c a n t l y  increase the per turbat ions i n  t h e  I G A  and OGA. 
Moreover, t h e  broad e f f e c t  of a misaligned Y-axis of t h e  s t ab le  member 
on a l l  of t h e  parameters i s  trimmed s l i g h t l y  [ t a b l e  I I ( c ) ] .  

It should be noted t h a t  while  t h e  e f f e c t  of a bias i n  t h e  Y 
accelerometer [ t a b l e  I I ( a ) ]  on inc l ina t ion ,  r i g h t  ascension of t h e  
ascending node , vehicle  yaw angle, middle gimbal angle , and out-of-plane 
ve loc i ty  i s  s l i g h t l y  cu r t a i l ed  f o r  t h i s  case;  i t s  influence on f l i g h t -  
path angle,  a l t i t u d e ,  and vehicle p i t c h  angle i s  increased. 
t h e  reverse  circumstances occur from an X-accelerometer bias i n  t h e  
deviat ions i n  these  parameters. 

Exactly 

The explanation i s  qu i t e  simple i f  it i s  understood t h a t  f o r  t h i s  
case t h e  Y accelerometer i s  oriented such t h a t  it measures more of t h e  
t o t a l  hor izonta l  ve loc i ty  change. 
gonal,  t h e  X and Y accelerometers share equally t h e  horizontal  AV 
measurement. Therefore, t h e  e f fec t  of an equal bias i n  t h e  X acceler-  
ometer should be approximately equal i n  magnitude t o  t h e  e f f ec t  of 
Y-accelerometer b i a s .  
t r u e .  

Furthermore, s ince  they a r e  ortho- 

Inspection of table  I I ( a )  revea ls  t h i s  t o  be 

When t h e  platform i s  oriented such t h a t  t h e  IGA i s  45' a 
Z-accelerometer bias i s  more dis turbing on ve loc i ty ,  f l ight-path angle , 
a l t i t u d e  , downrange ve loc i ty  change , spacecraf t  weight, and burn t i m e  
and less e f f e c t i v e  on p i tch  angle, inner  gimbal angle,  and radial ve loc i ty  
than i n  t h e  prefer red  alignment. 
s a id  of t h e  X-accelerometer bias .  O f  course,  t h i s  i s  expected s ince  
t h e  X and Z accelerometer are s i tua ted  so  t h a t  they share equally t h e  
measurement of t h e  t o t a l  in-plane ve loc i ty  change. 

Exactly t h e  reverse  statement can be 

No gimbal lock s i tua t ions  were encountered i n  t h e  study of  t h e  
PGNCS cont ro l led  RCS maneuvers. However, i n  a l l  cases t h e  MGA i s  
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adversely affected by a Y-accelerometer bias and by an X-accelerometer 
bias when the i n i t i a l  platform o r i en ta t ion  i s  such t h a t  t h e  MGA i s  
45' [ t a b l e  I I ( a ) ] .  

The most s ign i f i can t  e r r o r  s tudied f o r  t h e  SCS cont ro l led  RCS 
maneuver was a b i a s  i n  t h e  EMS accelerometer which i s  mounted along 
t h e  longi tudinal  axis of t h e  spacecraft. The l a r g e s t  dispers ions 
were noted in  i n e r t i a l  ve loc i ty ,  f l ight-path angle ,  p i t c h  angle ,  
downrange veloci ty ,  weight, and burn durat ion.  I n  f a c t ,  t h e  e f f e c t s  
of t h e  EMS accelerometer bias a r e  from t e n  t o  t h i r t y  t imes g rea t e r  i n  
severa l  instances than a r e  t h e  e f f e c t s  of an X-accelerometer b i a s  
under PGNCS cont ro l .  

CONCLUSIONS 

A s  can be seen from t h e  data presented i n  t a b l e s  I through 111, 
recommendations f o r  using p a r t i c u l a r  platform o r i en ta t ions  a r e  
a rb i t r a ry .  

i 

For instance,  if it i s  known t h a t  an X-accelerometer bias e x i s t s  
an i n i t i a l  IGA s e t t i n g  of 45O would c u r t a i l  some of t h e  dispers ions.  
However, i f  other e r ro r s  are present such as a Z-accelerometer bias ,  
t h e  most desirable  choice of platform o r i en ta t ion  i s  t h e  preferred al ign-  
ment. 
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